SUMMARY. The relationship between serum calcium and albumin was studied using a data base containing biochemical results on approximately 687 000 samples. To exclude patients with established bone, liver and kidney disease, calcium and albumin values had to be accompanied by additional results falling within the laboratory reference range for urea, phosphate, globulin, alkaline phosphatase and aspartate transaminase activities. The regression coefficients of calcium on albumin changed significantly following a change of instrumentation, even though the analytical principles of the methods remained the same. In addition, using standard laboratory methods, the relationship between calcium and albumin deviated from linearity at albumin concentrations less than 30 gIL. Care is needed in the selection and clinical application of factors for the adjustment of serum calcium for changes in the concentration of circulating albumin. Using a large data base, an albumin-related reference range for serum calcium may be calculated, eliminating the need for adjusting calcium values.
The clinical interpretation of the total serum calcium concentration is complicated by the binding of calcium to circulating proteins, mainly albumin. Approximately 40% of calcium is in this form and therefore variations in the levels of albumin can affect the total calcium concentration without affecting the physiologically important ionised fraction. Measurement of ionised calcium is not available in most laboratories and is impractical for processing large numbers of samples. Moreover, the concentration of serum ionised calcium itself appears to correlate with that of albumin, 1 possibly due to an in vivo Donnan effect across vascular membranes. Although the measurement of dialysable calcium/ may overcome these problems, the technique has not been fully evaluated clinically and it is likely that most workers will continue to measure total serum calcium and attempt to make some adjustment for variations in circulating albumin.
Reported regression coefficients of calcium on albumin do vary considerably, however, ranging from 0·01~·025.:>-h Whether this reflects variation in analytical accuracy and precision, or differences in the patient population Correspondence: Dr J P Ashby. studied, is uncertain, but the evidence does suggest that it is inappropriate to adjust calcium data obtained in one laboratory using a factor derived elsewhere. In order to minimise any variability which may relate to the relatively small numbers of selected" 5 or unselected?: 6 patients used in earlier studies, we have reexamined the relationship between calcium and albumin using an extensive biochemical data base in the departmental computer archive. Particular emphasis has been placed on the potential impact of a change in analytical methodology as this has clear implications relating to the transferability of correction factors between laboratories.
Materials and methods
The relationship between calcium and albumin was studied before and after the department replaced its Vickers M-300 discrete multichannel analyser with a Technicon SMA 11 continuous flow analyser in 1981. Calcium and albumin were measured by Vickers methods 090 and 080, respectively, and Technicon methods SD40003PK7 and SD40030PK7. The analytical principles of these procedures were similar for both instruments, with calcium being determined complexiometrically using cresolp-
ranges (mean±2SD) for the Technicon and Vickers analysers were 2·16--2·58 mmol/L and 2·15-2·57 mmollL, respectively. The relationship between calcium and albumin derived from both instruments is compared directly in Fig. 3 . Although the mean calcium concentration is plotted over the whole range of albumin levels observed in the study, the regression lines were calculated only over the limits set in Fig. 2 . Extrapolation of these lines towards the lower levels of albumin (broken segments) illustrates that with both instruments there is a clear tendency for the relationship between calcium and albumin to deviate from linearity at albumin concentrations below 30 gIL. The regression equations for the mean calcium on albumin were:
534 Ashby, Wright and Rinsler thalein complexone' and albumin by dye binding using bromocresol green." Plasma was used by the Vickers analyser and serum by the Technicon instrument.
All data were obtained from the biochemical records of hospital and general practitioner patients stored in the departmental computer archive between 1975 and 1983. To be considered acceptable for inclusion in the study, calcium and albumin results on any specimen had to be accompanied by additional results falling within the laboratory reference ranges for urea, phosphate, globulin, alkaline phosphatase and aspartate transaminase activities. In order to exclude gross laboratory errors, at least two sets of results differing by not more than six analytical standard deviations for calcium (SD, 0·05 rnmol/L) and albumin (SD, 0·83 giL) were required for each patient. Since detailed internal quality control data were no longer available for work carried out prior to 1981, these limits were set using control data derived exclusively from the SMA 11.
The criteria used for the selection of data were designed to exclude results obtained from patients with conditions known to affect calcium homeostasis, such as established osteomalacia and advanced renal and liver disease. Since globulins also contribute to calcium binding, samples were only included in the study if the total concentration of globulin fell within the laboratory reference range. This procedure was designed to minimise the effect of globulin on the relationship between calcium and albumin, particularly in the presence of low concentrations of albumin which may be associated with hypergammaglobulinaemia. Although data from some patients with hypercalcaemia due to hyperparathyroidism or malignancy may have fulfilled the selection criteria, it is likely that the number is small, otherwise the distribution of calcium results would have been positively skewed. For similar reasons it is improbable that the data have been distorted by results from patients with the nephrotic syndrome whose relationship of calcium to albumin
The standard errors of the slopes for the Vickers and Technicon analysers were 0·000278 and 0·000209, respectively. Using the F-test,9 these slopes were found to be significantly different (P<O·OOOl). 
Results
The data base contained 456 253 records prior to, and 230891 subsequent to, the analytical change; 9371 and 9319, respectively, fulfilled the designated criteria. Figure 1 shows the distribution of albumin values in these patients. The relationship between calcium and albumin is illustrated in Fig. 2 where the distribution of calcium has been plotted at each level of albumin for which there is a minimum of 100 observations. At an albumin concentration of 43 giL (mode of albumin value derived from Technicon SMA 11), the calcium reference differs from normal due to its binding to macromolecules other than albumin. Ill. 11 The validity of this approach is supported by the similarity of the calcium reference ranges calculated for an albumin concentration of 43 giL with those previously obtained by others using data obtained from hospital outpatients'{ or randomly selected adults.'! Therefore, for the first time it has been possible to investigate the relationship between circulating calcium and albumin using a large data base which is unlikely to be contaminated with calcium values of major diagnostic significance or unduly influenced by any specific group of patients.
Two important findings emerge from this study. Firstly, although the calcium reference ranges determined at an albumin concentration of 43 giL were comparable for the two different autoanalysers, the slopes of the regression of calcium on albumin were significantly different despite the similarity of the analytical principles of the methods employed. The greater slope calculated from the data obtained from the Technicon analyser is most likely to reflect the improvement in the between-batch precision (SD) of the albumin method following the introduction of this instrument (average albumin precision: Vickers M-300, 2·15 g/L; SMA 11, 0·70 gIL; data from Wellcome Clinical Chemistry Quality Control Programme). The reduction in the spread of albumin values noted subsequent to the analytical change ( Fig. 1) is consistent with this hypothesis. In addition, a small shift in the population mode from 42 to 43 g/L albumin, following the change of instrumentation ( Fig. 1) , suggested that a slight change in accuracy may also have contributed to the observed change in slope. A second and equally important observation which has not been described previously concerns the non-linearity of the relationship between the mean levels of calcium and albumin over the entire range of albumin concentrations studied (Fig. 3) . It would seem unlikely that this is related to the tendency of BCG methods to overestimate albumin since a wide linear relationship has been observed between albumin measured by BCG and more specific methods.!": 15 However, such a possibility cannot be excluded since the nature and the magnitude of the reported bias with BCG procedures is variable, particularly in pathological sera where concentrations of a andg lobulins may be increased. 16. 17 These results therefore demonstrate that the regression coefficient of calcium on albumin is dependent on the analytical technique employed. Although others have shown that appropriately adjusted calcium results may correlate well with ionised calcium, 1M and provide clinically useful inforrnation.!" it is clear that considerable care must be exercised in the selection of the factor for making the adjustment. The practical consequences of using an inappropriate factor are that patients in the borderline hyper-or hypocalcaemic range will be classified incorrectly, a problem recently encountered by workers investigatin¥ the incidence of osteomalacia in the elderly. Since the adjustment of calcium is of most clinical value in the identification of patients with mild disturbances of calcium homeostasis, the selection of an inappropriate factor considerably reduces the benefits gained by making any kind of adjustment. Even if the correct factor is selected, the present results also suggest that care must still be taken in the interpretation of adjusted calcium levels in patients who have a serum albumin concentration less than 32 gIL in laboratories using non-specific albumin methods.
As an alternative to making any adjustment to the analytical value for serum or plasma calcium, it is possible to quote a calcium reference range based on the observed albumin concentration using the regression data illustrated in Fig. 2 . This will be valid within the range of albumin concentrations over which the relationship is linear (32-50 gIL albumin), and for regression data based on results produced in the local laboratory.
